Introduction
[2] Okmok, one of the most active volcanoes in Alaska's Aleutian Arc, began erupting on 12 July 2008. According to Larsen et al. [2009] , less than 5 h of precursory seismic activity was the only indication of the eruption to follow that would last for five weeks. Within the first three hours of the eruption, the resulting plume had extended more than 100 km in all directions and had reached a height of 16 km above mean sea level. The first 10 h of the eruption starting at 1943 UT on 12 July 2008 was a strong and continuous phase of the eruption and produced infrasound signals that will be examined in this study.
[3] On 7 and 8 August 2008, Kasatochi Volcano erupted explosively five times within a period of 15 h. Seismometers located along the Aleutian Islands recorded earthquakes beginning in early July, which intensified on 6 and 7 August. The seismic stations also recorded explosive episodes with start times of 2201 UT on 7 August 2008, and 0150, 0435, 0712, and 1206 UT on 8 August 2008; based on seismic observations, the durations of these events were approximately 68, 27, 35, 46, and 26 min, respectively. Beginning with the third event and continuing intermittently for the following 17 h, Kasatochi ejected a significant amount of ash and gases into the atmosphere (as much as 1. [4] The two eruptions provide an interesting contrast in eruption style. Although both were explosive (as compared with effusive), the initial Okmok eruption was sustained for 10 h whereas the Kasatochi eruption consisted of a series of brief explosions with a cumulative duration of only 3.4 h. The Okmok eruption produced 0.3 km 3 of tephra [Larsen et al., 2009] whereas Kasatochi produced about 1 km 3 (C. F. Waythomas, personal communication, 2009 ). These firstorder observations suggest that the average mass flux at Kasatochi was nearly an order of magnitude higher than Okmok.
[5] Nearly 60 infrasound arrays comprise the International Monitoring System (IMS) infrasound network which is part of the verification regime of the Comprehensive NuclearTest-Ban Treaty (CTBT). These arrays, which monitor countries' compliance of the CTBT, each consist of four or more sensors and are approximately uniformly distributed around the world in 35 countries. Data were available from seven IMS infrasound arrays and one non-IMS array within a 6000 km radius of the volcanic events (Figure 1 ). The non-IMS array is NVIAR located near Mina, Nevada and is operated by the Southern Methodist University. The array closest to the volcanoes is I53US which is 2104 km from Kasatochi and 1706 km from Okmok.
[6] Single infrasound sensors have been placed along the Aleutian Arc by the Alaska Volcano Observatory (AVO) to monitor atmospheric disturbances associated with volcanic activity (Figure 2 ). Two such single sensors are located near Shishaldin and Pavlof volcanoes. Station PN7A is located 7.1 km west of Pavlof and uses a Chaparral Model 2.5 pressure sensor collocated with a seismic station. Data are telemetered in analog form and digitized in the UAF Seismology Laboratory at 100 samples/s with 12 bit precision. The total response is such that the sensitivity is 35 digital counts/Pa. The Shishaldin sensor (Chaparral Model 2) is located at station SSLN 6.6 km north of the volcano's summit, and is also collocated with a seismic station. Shishaldin is the source of as many as several hundred small explosions per day [Petersen and McNutt, 2007] so the sensitivity of the sensor is higher, 465 digital counts/Pa. Both sensors have a flat frequency response ≥0.1 Hz. Station PN7A is 455 km from Okmok and 965 km from Kasatochi, while station SSLN is 313 km from Okmok and 817 km from Kasatochi.
Onset and Characteristics of the Eruptions
[7] The local Okmok seismic network consists of 13 stations at distances of 1 to 23 km from the active vent [Dixon et al., 2006] . Data from broadband station OKFG, 12 km east of the vent are shown in Figure 3 . These show the onset of the eruption at 1943 UT followed by a rapid increase in amplitude 5 min later. Travel times from the vent to the station are only a few seconds at typical seismic velocities of 3-4 km/s for near-surface materials. We inter- pret the strong seismic phase at 1948 UT to be the beginning of the strong explosive phase of the eruption, and would be the expected onset of strong acoustic waves. The seismic signal and eruption increased in intensity and reached their peak about 2 h later at 2200 UT, followed by 8 h of gradually declining activity. The bulk of the coarse grained tephra and perhaps one half of all the tephra (0.3 km 3 total) were erupted in this first 10 h long sustained explosive phase (J. Larsen, personal communication, 2010) although additional fieldwork is needed for confirmation. We looked for the Okmok signal in infrasound and seismic data from stations SSLN and PN7A but could not identify any signal above the noise level, in spite of numerous attempts using various band pass filters.
[8] The seismic signal was quite strong and showed up on stations to distances of 257 km. Using a common metric known as reduced displacement (D R ) [Aki and Koyanagi, 1981; Fehler, 1983] which is RMS amplitude corrected for geometric spreading, we obtain values of 36 to 85 cm 2 for different stations. These are fairly high values and compare with strong eruptions at Pavlof in 1986 (54 cm 2 ) and Shishaldin in 1999 (46 cm 2 ), each of which produced ash columns to heights of 15 km or more [McNutt et al., 1991; Thompson et al., 2002] , similar to the Okmok eruption.
[9] A fundamental difference between Okmok and Kasatochi is that the latter was not monitored by AVO prior to the eruption. This means there were no local seismic stations on the island. Instead we needed to use stations on other networks nearby (Figure 2) [11] The Kasatochi eruption consisted of five strong pulses. These were preceded by two strong seismic tremor episodes at 1915 and 2111 UT (Table 1) . No ash clouds or infrasound signals were observed associated with these tremor episodes. The first explosion at 2201 UT initially appeared to be a third tremor episode, however it produced a steam and ash cloud and infrasound signal. It was the longest explosive event at 68 min and had moderate seismic amplitude and moderate infrasound pressure at I53 (Table 1) . The eruptive cloud was light colored in satellite images and appears to have been mostly gas (Waythomas et al., submitted manuscript, 2010) . The second event at 0150 UT was short at 27 min and had the same seismic amplitude as event 1, but stronger infrasound. Satellite data showed an initial black puff (ash) then white cloud (gas). The third event had a duration of 35 min, the highest seismic amplitude (75 percent higher than events 1 or 2) and the second highest infrasound pressure. The dark ash cloud emitted appears to have been the largest and most ash-rich cloud of the sequence. The fourth and fifth events had smaller seismic amplitudes, smaller infrasound pressures, and smaller ash clouds than events 1-3 (Table 1 ). The cumulative seismic duration for the five pulses is 3 h 22 min.
Array Detection of Kasatochi and Okmok Infrasound Signals
[12] Before attempting to detect volcanic signals in the infrasound data, the data must first be filtered to reduce noise and contributions of signals from other sources that are not of interest. The time series recorded at all eight infrasound arrays were first band-pass filtered from 0.015 to 1.000 Hz then Pure-State filtered [Olson, 2004] . Displayed Figure 9 shows the power spectral density plots corresponding to the three time series presented in Figure 8 .
[13] A windowing technique was applied to the filtered data to detect signals. This technique consisted of stepping a 500 s window through the filtered time series in 50 s iterations. For each iteration, the data within the window Figure 6 . (top) The time series recorded by I53 on 12 and 13 July 2008 were (middle) band-pass filtered from 0.015 to 1.000 Hz and then (bottom) Pure-State filtered [Olson, 2004] . Results are shown for sensor H1. [Olson, 2004] . Results are shown for sensor H1. Figure 9 . Power spectral density plots for the Kasatochi signal recorded by sensor H1 of I53 before filtering (solid line), after band-pass filtering (0.015-1 Hz, dashed line), and after BPF and Pure-State filtering (dotted line) [Olson, 2004] .
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was used to estimate trace velocity, azimuth of arrival (measured clockwise from north), coherence, and planarity. These estimates were computed from a least squares fit assuming plane wave arrivals [Szuberla and Olson, 2004] . Coherence can be used as a detector to determine if a signal was recorded in the data. Once a signal has been detected, trace velocity, azimuth of arrival, and planarity can be useful in distinguishing signals of interest from signals originating from other sources.
[14] After applying the widowing technique to the I53 data that was only band-pass filtered and to the I53 data that was both band-pass filtered and Pure-State filtered, it was discovered that the latter data set led to a higher probability of detection. For this reason, data recorded by the other seven infrasound arrays were first band-pass filtered and then Pure-State filtered before applying any detection techniques. For comparison, Figure 10 displays the results of the detection algorithm applied to the I53 data from 8 August 2008 after only band-pass filtering (Figure 10 , left) and after both band-pass filtering and Pure-State filtering (Figure 10, right) . Plotted from top to bottom are the resulting estimates of trace velocity, azimuth of arrival, coherence (mean of the cross-correlation maxima, MCCM), and planarity. Sigma-tau (s t ) is a metric related to the difference between the measured times of arrival and the times of arrival for a plane wave; an ideal plane wave that propagates through an array at any velocity would have a sigma-tau value of zero. For the purposes of this paper, sigma-tau values less than 1 s indicate planar arrivals. Notice that although both sets of filtered data led to detections of Kasatochi signals, the latter data set led to detections with greater coherence and longer detection durations. This is perhaps most noticeable in the detection of the signal that Figure 10 . A comparison between (left) only band-pass filtering and (right) band-pass filtering followed by Pure-State filtering. The data recorded at I53 containing the Kasatochi signals were subjected to two different filtering processes. The first process consisted of only band-pass filtering the data; the second process consisted of band-pass filtering followed by Pure-State filtering. A windowing technique, which consisted of stepping a 500 s window through the data in 50 s iterations, was then applied to both sets of filtered data. For each iteration, estimates of (from top to bottom) trace velocity, azimuth of arrival, coherence, and planarity were computed from a least squares fit assuming plane wave arrivals. The filtering process consisting of band-pass filtering followed by Pure-State filtering was used in the study due its higher probability of detection. Figure 11 . To detect signals, a 500 s window was stepped through the data in 50 s iterations. For each iteration, estimates of (from top to bottom) trace velocity, azimuth of arrival, coherence, and planarity were computed from a least squares fit assuming plane wave arrivals. The windowing technique was applied to the I30 time series after band-pass filtering (0.015-1 Hz) followed by Pure-State filtering. The vertical line in all panels indicates the estimated time of arrival of the Okmok signal based on known event times and estimated propagation times resulting from a wave propagation model. Figure 12 . To detect signals, a 500 s window was stepped through the data in 50 s iterations. For each iteration, estimates of (from top to bottom) trace velocity, azimuth of arrival, coherence, and planarity were computed from a least squares fit assuming plane wave arrivals. The windowing technique was applied to the I53 time series after band-pass filtering (0.015-1 Hz) followed by Pure-State filtering. The vertical line in all panels indicates the estimated time of arrival of the Okmok signal based on known event times and estimated propagation times resulting from a wave propagation model. Figure 13 . To detect signals, a 500 s window was stepped through the data in 50 s iterations. For each iteration, estimates of (from top to bottom) trace velocity, azimuth of arrival, coherence, and planarity were computed from a least squares fit assuming plane wave arrivals. The windowing technique was applied to the I59 time series after band-pass filtering (0.015-1 Hz) followed by Pure-State filtering. The vertical line in all panels indicates the estimated time of arrival of the Okmok signal based on known event times and estimated propagation times resulting from a wave propagation model. Figure 14 . Though no signals from Okmok were detected initially in the I59 data that had been band-pass filtering from 0.015 to 1 Hz (see Figure 13 ), a signal was detected in the I59 data by instead band-pass filtering from 0.05 to 0.2 Hz. After band-pass filtering, the data were Pure-State filtered and a windowing technique was applied that resulted in estimates of (from top to bottom) trace velocity, azimuth of arrival, coherence, and planarity. The vertical line in all panels indicates the estimated time of arrival of the Okmok signal based on known event times and estimated propagation times resulting from a wave propagation model. Figure 15 . To detect signals, a 500 s window was stepped through the I10 data in 50 s iterations. For each iteration, estimates of (from top to bottom) trace velocity, azimuth of arrival, coherence, and planarity were computed from a least squares fit assuming plane wave arrivals. The windowing technique was applied to the I10 time series after band-pass filtering (0.015-1 Hz) followed by Pure-State filtering. The gray regions in all panels indicate the time intervals over which the Kasatochi signals are estimated to be detected at I10 based on known event times, known event durations, and estimated propagation times resulting from a wave propagation model.
arrived shortly after 0900 UT. Not only is its coherence greater as seen by an average increase of 0.28 in its MCCM value, but its temporal duration of detection increased from approximately 10 to 108 min resulting in a longer time period of consistent values in velocity, azimuth, and planarity. Also, more acoustic signals were detected in the data that had been band-pass filtered and Pure-State filtered. For example, signals which appear to be from the Kasatochi events were detected at approximately 1155, 1440, 1515, 1750, 1910 , and 2110 UTC that were not detected in the data that were only band-pass filtered. Other signals propagating at acoustic velocities but arriving from more northern azimuths than the Kasatochi signals were detected near 0300 and 0525 UTC.
[15] After band-pass and Pure-State filtering, the same detection technique was applied to the data from all eight infrasound arrays recorded on the days during the Okmok and Kasatochi eruptions (Figures 11-22) . Signals from the Okmok eruption were detected at I30, I53, I59 (Figures 11,  12 , and 14), but not at I10, I18, I56, I57, or NVIAR. An Okmok signal was detected in the I59 data using the more narrow frequency band ranging from 0.05 to 0.20 Hz (Figure 14) , but not using the original band ranging from 0.015 to 1.000 Hz (Figure 13 ). The signals detected at I30, I53, and I59 have trace velocities consistent with acoustic waves, azimuths of arrival roughly consistent with those expected based upon great circle paths from Okmok Volcano to the arrays (Table 2) , times of arrival consistent with the event time and propagation times estimated using a simple windless atmospheric model (discussed later), and Figure 16 . To detect signals, a 500 s window was stepped through the I18 data in 50 s iterations. For each iteration, estimates of (from top to bottom) trace velocity, azimuth of arrival, coherence, and planarity were computed from a least squares fit assuming plane wave arrivals. The windowing technique was applied to the I18 time series after band-pass filtering (0.015-1 Hz) followed by Pure-State filtering. The gray regions in all panels indicate the time intervals over which the Kasatochi signals are estimated to be detected at I18 based on known event times, known event durations, and estimated propagation times resulting from a wave propagation model. Figure 17 . To detect signals, a 500 s window was stepped through the I30 data in 50 s iterations. For each iteration, estimates of (from top to bottom) trace velocity, azimuth of arrival, coherence, and planarity were computed from a least squares fit assuming plane wave arrivals. The windowing technique was applied to the I30 time series after band-pass filtering (0.015-1 Hz) followed by Pure-State filtering. The gray regions in all panels indicate the time intervals over which the Kasatochi signals are estimated to be detected at I30 based on known event times, known event durations, and estimated propagation times resulting from a wave propagation model. Figure 18 . To detect signals, a 500 s window was stepped through the I53 data in 50 s iterations. For each iteration, estimates of (from top to bottom) trace velocity, azimuth of arrival, coherence, and planarity were computed from a least squares fit assuming plane wave arrivals. The windowing technique was applied to the I53 time series after band-pass filtering (0.015-1 Hz) followed by Pure-State filtering. The gray regions in all panels indicate the time intervals over which the Kasatochi signals are estimated to be detected at I53 based on known event times, known event durations, and estimated propagation times resulting from a wave propagation model.
low sigma-tau values (<1) consistent with planar arrivals. Signals originating from the explosive eruptions of Kasatochi were detected at all arrays except I57. Arrays I30, I53, I56, and I59 detected signals from all five major explosive eruptions (Figures 17-19 and 21 ) while I10 and I18 detected signals from the first four, but not the fifth (Figures 15 and  16) , and NVIAR detected the third, but not the other four ( Figure 22 ). All of the Kasatochi signals detected by the arrays had trace velocities consistent with acoustic waves, azimuths of arrival roughly consistent with those expected based upon great circle paths from Kasatochi Volcano to the arrays (Table 3) , times of arrival consistent with event times and propagation times estimated using a simple windless atmospheric model (discussed later), and low sigma-tau values (<1) consistent with planar arrivals.
Back Azimuth Location
[16] Using the azimuths of arrival measured at the infrasound arrays, back azimuth projections along the great circle paths from the infrasound arrays were calculated. For Okmok, the resulting average location was approximately 500 km west of the volcano, and the intersections of the projections were spread over a region approximately 450 km wide (Figure 23 ). Listed in Table 2 are the azimuths measured at each array alongside the azimuths that were expected based on great circle paths from the arrays to Okmok. For Kasatochi, which had substantially stronger signals, the resulting average location was approximately 200 km west of Kasatochi, and the intersections of these projections were also spread over a region several hundred kilometers wide ( Figure 24 ). Listed in Table 3 are the azimuths measured at each array alongside the azimuths that were expected based on great circle paths from the arrays to Kasatochi.
Estimation of Signal Propagation Times
[17] In order to estimate times of signal arrivals at each of the stations, a simple ray-tracing routine was developed. Assuming windless conditions and using temperature profiles of the atmosphere provided by the NRL-G2S Atmospheric Data System [Drob et al., 2003] , rays were traced from the summit of each volcano to the receiving arrays. For rays that connected the two sites (Tables 4 and 5 ), the propagation times were estimated and used to indicate search windows for signal arrivals in the data recorded by each array. The temperature profile was updated every 1 km along the great circle path from the source to each infrasound array to account for spatial changes in the atmosphere's temperature profile. This windless propagation model is merely intended to provide a "first-order approximation" of signal propagation times in order to validate the detections at the infrasound arrays. For a more thorough study of the wave propagation associated with the atmospheric disturbances caused by the Okmok and Kasatochi events, see Fee et al. [2010] .
[18] Only the times of arrival were estimated for the Okmok signals because the Okmok event lasted for approx- Figure 19 . To detect signals, a 500 s window was stepped through the I56 data in 50 s iterations. For each iteration, estimates of (from top to bottom) trace velocity, azimuth of arrival, coherence, and planarity were computed from a least squares fit assuming plane wave arrivals. The windowing technique was applied to the I56 time series after band-pass filtering (0.015-1 Hz) followed by Pure-State filtering. The gray regions in all panels indicate the time intervals over which the Kasatochi signals are estimated to be detected at I56 based on known event times, known event durations, and estimated propagation times resulting from a wave propagation model. Figure 20 . To detect signals, a 500 s window was stepped through the I57 data in 50 s iterations. For each iteration, estimates of (from top to bottom) trace velocity, azimuth of arrival, coherence, and planarity were computed from a least squares fit assuming plane wave arrivals. The windowing technique was applied to the I57 time series after band-pass filtering (0.015-1 Hz) followed by Pure-State filtering. The gray regions in all panels indicate the time intervals over which the Kasatochi signals are estimated to be detected at I57 based on known event times, known event durations, and estimated propagation times resulting from a wave propagation model. This figure serves as an example of a nondetection in contrast to Figures 15-19, 21 , and 22.
imately 10 h and waned during the final hours without a clearly defined end. These estimated arrival times are depicted in Figures 11-14 as a vertical line in each panel. In contrast, the Kasatochi events had better defined start and end times. For the Kasatochi signals, time intervals in which the signals were expected to be detected were estimated using the estimated propagation times, the known event times, and the known event durations. These estimated time ranges are highlighted in each panel of Figures 15-22 by semitransparent gray rectangles.
Discussion
[19] Infrasound signals from the most recent explosive eruptions of Okmok and Kasatochi were detected by single infrasound sensors located along the Aleutian Arc and also by infrasound arrays several thousands of kilometers away. Out of the eight infrasound arrays considered in this study, seven were able to detect signals from Kasatochi while only three were able to detect signals from Okmok although seven of the eight arrays were closer to Okmok than Kasatochi. Noise from wind and from other noncoherent signals was probably not the cause of the nondetections since the Pure-State Filter greatly reduced the presence of all noncoherent signals prior to the application of any detection techniques.
[20] The primary reason for Kasatochi being detected by more infrasound arrays is probably the way in which the volcanoes ejected gases and tephra into the atmosphere. Okmok continuously released gases and tephra for extended periods of time on the order of 10 h. In contrast, Kasatochi Figure 21 . To detect signals, a 500 s window was stepped through the I59 data in 50 s iterations. For each iteration, estimates of (from top to bottom) trace velocity, azimuth of arrival, coherence, and planarity were computed from a least squares fit assuming plane wave arrivals. The windowing technique was applied to the I59 time series after band-pass filtering (0.015-1 Hz) followed by Pure-State filtering. The gray regions in all panels indicate the time intervals over which the Kasatochi signals are estimated to be detected at I59 based on known event times, known event durations, and estimated propagation times resulting from a wave propagation model. Figure 22 . To detect signals, a 500 s window was stepped through the NVIAR data in 50 s iterations. For each iteration, estimates of (from top to bottom) trace velocity, azimuth of arrival, coherence, and planarity were computed from a least squares fit assuming plane wave arrivals. The windowing technique was applied to the NVIAR time series after band-pass filtering (0.015-1 Hz) followed by PureState filtering. The gray regions in all panels indicate the time intervals over which the Kasatochi signals are estimated to be detected at NVIAR based on known event times, known event durations, and estimated propagation times resulting from a wave propagation model. 1973] identified some eruptions as being analogous to fire hoses, in which the tephra particles are carried in a high-velocity but lowpressure gas stream. This case corresponds to Okmok, which is basaltic. The other type, represented by a cannon blast, is characterized by higher gas pressures and often shorter eruptions. This typically occurs with higher-viscosity magmas such as andesite or dacite because the high-viscosity retards the expansion of gases exsolving from rising magma so there is higher vapor pressure as the magma reaches the surface. This corresponds to Kasatochi which is andesitic (Waythomas et al., submitted manuscript, 2010) . The characterization in terms of pressure agrees with the infrasound array observations of much higher pressures for the shortlived Kasatochi eruptions than the sustained but weaker Okmok eruption. Note that the Okmok eruption had a high component of phreatomagmatic activity (interaction with groundwater), which makes it more explosive than other basaltic activity [Larsen et al., 2009] .
[21] For these volcanic events, there is a strong relationship between the distance of an infrasound array and the probability that it detects a signal, as might be expected. For example, the fifth explosion eruption of Kasatochi Volcano which occurred at 1206 UT was detected by the four closest infrasound arrays (I53, I30, I59, and I56), but not by the other four farther away (NVIAR, I18, I57, and I10). However, this relationship has exceptions. For example, the three arrays that detected signals from the event at Okmok (I53, I59, and I30) were not the three closest arrays, but rather the first, third, and fifth closest. As another example, the first explosive eruption of Kasatochi Volcano was detected by I10, the array farthest from the volcano at 4754 km, but not by NVIAR or I57 which are closer at distances of 4097 and 4583, respectively.
[22] The acoustic wave propagation model, in addition to providing estimates of propagation times, might also provide some insight as to why signal strength recorded at the arrays is not entirely dependent on distance from the source alone. Considering the previous example, the fact that the propagation model found seven rays that arrived at I10 and only one ray that arrived at I57 and NVIAR suggests that more of the signal's energy was able to arrive at I10 than at I57 or NVIAR due to the temperature profile of the atmosphere at the time of the explosive eruptions. However, the acoustic wave propagation model did not take atmospheric winds into account. For a more complete analysis of the acoustic wave propagation associated with these volcanic events, the reader is directed to Fee et al. [2010] .
[23] The estimated locations of the Okmok and Kasatochi events obtained from back azimuth projections differed from the actual locations of the volcanoes by approximately 500 and 200 km, respectively, and had uncertainties on the order of several hundreds of kilometers. The error in the location estimate of Okmok is larger than that of Kasatochi simply because the deviations between the measured azimuths of arrival and actual azimuths to the volcanoes were larger for Okmok than for Kasatochi (Tables 2 and 3 ). These deviations in measured azimuths of arrival are likely due to the presence of atmospheric winds which can cause a signal's path to stray from that of the arc of a great circle that connects the source to the receiver. Possible ways to reduce errors in location estimates are to use an acoustic wave propagation model that incorporates the effects due to winds and to install infrasound arrays closer to the Aleutian Islands thereby reducing the path length over which winds might alter the propagation of the signal. The advantage to installing an infrasound array versus a signal sensor is that data recorded at an array would not only yield signal strength and time of signal arrival as the signal sensor would, but the array data can also provide azimuth of signal arrival and are more useful for signal detection since signals that are coherent across all time series can be sought out by filters such as the Pure-State Filter.
[24] The infrasound array data are complementary to local seismic network data such as those provided by AVO. For the Okmok and Kasatochi eruptions, AVO scientists notified the infrasound group that the eruptions had occurred and gave the onset times to within a few minutes. This enabled focused efforts to identify the infrasound signals knowing the estimated propagation time and azimuth in advance. From the perspective of monitoring, the infrasound array data are useful because they are independent, and they provide additional constraints on the relative sizes of different events. The long distances of 1700 and 2100 km to I53 and the long travel times of 110 and 130 min mean that the infrasound data are less useful for rapid notification. Another way the infrasound array data were useful was to help distinguish between tremor episodes that appeared similar to the eruption tremor in seismic data (Kasatochi episodes at 1915 and 2108 UT) but for which no infrasound signals were detected, hence confirming that these tremor episodes had a different source process.
[25] The two eruptions considered in this paper were quite different, and thus provided a good comparison of the ability of infrasound array data to characterize the activity. The Okmok eruption was a sustained eruption lasting about 10 h (fire hose analogy), with likely high-velocity but lowpressure ejection at the source vent. This showed up in the array data as long-lasting but low-amplitude signals. In contrast, the Kasatochi eruptions were a series of five short but strong blasts lasting 26 to 68 min each (cannon analogy). These represented higher pressures and shorter eruptions at the vent. The corresponding infrasound array data showed stronger signals with shorter durations, and these were recorded at greater distances. The array data clearly showed these fundamental differences despite the great distances involved. The infrasound array data combined with local seismic, local infrasound, and remote sensing data provide a powerful suite of tools to determine eruption characteristics.
